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FOREWORD 

Automatic dishwashing compound dispensers simplify machine dish- 
washing operations by automatically maintaining a relatively constant 
and optimum concentration of wash solution. Laboratory experiments 
«rare performed to answer questions about the operation of automatic 
dispensers on Army diiuvaahing machines. These experiments were concerned 
with the adjustment o.  the control unit of these dispensers when changing 
fröre one dishwashing conspound to another, and with the effect of changes 
in the temperature of the wash solutioa. 

These tests have contributed to a better understanding of the 
problems attending the use of automatic detergent dispensers. 

11 
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ABSTRACT 

Laboratory experiments were performed to gain additional information 
about the operation of automatic detergent dispensers on Army dishwashing 
machine■* Investigations were directed at determining when dispenser 
control units should be adjusted and how they are affected by the chemical 
composition and concentration of dishwashing compounds and by the temperature 
of the dishwashing solutions. 

It was determined that the dispenser need not be re-adjusted when 
changing from one specification dishwashing compound to another, providing 
both conform to Federal Specification P-D-425. However, when changing 
from one commercial product to another, the control unit should be 
re-adjusted. Adjustment should be made while the electrode is immersed in 
a solution of the new compound prepared at the desired concentration and 
maintained, at a temperature between 150° and l6o°F. (b5-71°C.). * 

concentration 

Th j experiments also showed that the temperature of the wash solution 
should be kept between 1§0°F. and 160°F. (65-71°C). If the temperature 
remains below 150 F. (65 C), the automatic detergent dispensor will 
maintain the solution at an excessively hi&H concentration. At temperatures 
above l60°F. (71 C.), the concentration wii. be too low. 

It was also determined that the titration factor to use with th? 
General Services Administration (GSA) detergent test kit (supplied with 
the GSA automatic detergent dispenser) should be checked by titrating 
a 0.20 to 0.25 percent solution of the dishwashing compound. This factor, 
when determined, should be used in subsequent determination of solution 

L 
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FACTORS AFFECTING THE OPERATION OF 
AUTOMATIC DISHWASHING CCWPOUND DISPENSERS 

I. INTRODUCTION 
I , t 

Marty of the dishwashing machines in Army resses are equipped with 
automatic detergent dispensers. The purpose of these dispensers is 
to simplify the dishwashing operation by automatically dispensing 
and maintaining a relatively constant and optimum concentration of 
dishwashing cc^-ound in the wash solution of tbe dishwasher. Prior 
to the installation of these dispensers, or wh*n the dispenser is 
not operating properly, the dishwashing compound is manually added 
to the wash solution by the dishwashing machine operator. If these 
additions are not made at regular interval«}, unsatisfactory cleaning 
and inadequate rinsing could result. Tftbleware frequently is washed 
by hand and rinsed and sanitized inthe dishwasher because the wash 
cycle of the dishwasher is not working properly. The installation of 
an automatic detergent dispenser on a dishwashing machine does not 
guarantee good cleaning. In addition to maintaining the dishwashing 
machine in good working condition, the wash solution must be maintained 
within the optimum temperature range. The setting of the control- 
signaling unit of the detergent dispenser must be periodically checked 
to maintain the proper wash solution concentration. 

J 

This report includes tests performed by U. S. Army Natick Laboratories 
to determine the concentration of different dishwashlnn compounds in 
wash solutions at temperatures between 120° to l80°F. 0*9° to 82°C.) 
when the detergent dispenser control is on one setting. 

II. EXPERIMENTAL SECTION 

A. Test Dishwashing Compounds - The dishwashing compounds used in 
these experiments are identified in the Code Sheet. 

They include the following specification and commercial products: 



Code Ho. 

ClÄbs of Product 
(Federal Stock So. 
or CcnmerciaX) 

Specification 
No. and Type 

Tor Uf« In 
Soft-Hard 

Water 

D-l 7930-985-6899 P-D-H25, Type I Hard 

D-2 7930-269-lS'i T P-DJ»25, Type I Hard 

D-3 7930-985-6906 P-D-425, Type t Hard 

D-k 7930-985-6899 P-D-425, Type I Herd 

D-5 Cconerciftl — Hard 

D-6 7930-269-1278 P-D-425, Type II Soft 

D-7 7930-267-4932 P-D-425, Type II Soft 

D-8 7930-205-1387 P-D-425», Type H Soft 

D-9 Coccaurcla.1 imtm Soft 
1 

D-10 Caeaercial wee Soft 

D-ll 7930-985-6905 P-D-^35 
i 

Soft 

D-12 7930-985-6905 P-D-^35 Soft 

B.   Test BgtuiBBent 

An automatic detergent dispenser, listed as FSH 7320-OII-1699 
in the OSA Federal Supply Catalog,   «a*, used in the tests (Procedure 3 - 
Appsndlx A).   This dispenser, identified as Solu-Matie Model 2k 
■anufactured by Xconsaics Laboratory, Inc., includes a detergent 
reser/oir, a solenoid valv-s to be inserted in the hot water line leading 
into the reservoir, an electrical control with a signaling device, 
and a wash solution electrode (conductivity cell). 



The dispenser's control unit activates a busser and opens the solenoid 
valve when the conductivity or the concentration of tu« wash solution In the 
dishwasher la below the pre-set value. When the solenoid is activated, 
hot vatar flows into the detergent reservoir dissolving some of the dish- 
washing ccopound and thin detei'gent solution flows into the wash tank. 
The solution of dishwashing joaaposssd flows tram the reservoir into the 
w.sh solution until the conductivity satisfies the control unit setting* 
When the bussser sound for more tfaft-». 15-20 seconds, a red light appears 
and stays on, indicating that the reservoir is void of dishwashing coKpound* 
The operator must then add powdered detergent to the resei «>lr* 

C. Laboratory Bsperimefcte 
inmMil ■!■■■■!■ r   ■iwnJt      i- ii Jl !■■!■ —i i-TT-i ■ n    c*> 

M 

(l) SuperJMomt go. 1 - Conductivities of Solution« of Dishwashing 
Compounds,, Alkalis, Alkaline Salts and Tautral Baits 

J 
Machine dishwashing corcpoundo are mixtures of ilkaline compounds, 

principally» soditsm salts of phosphates, silicates, carbonates and sodium 
hydroxidt. Dissolved in water, these compomds are highly Ionized. The 
electrical conductivity of solutions of dishwashing compounds is used as a 
measure of their concentration. However, the rompositions of commercial and 

■ federal specification dishwashing compounds-.are known to differ from each 
other in the proportions of these alkaline compounds and the conductivity 
of their solutions. 

I 
Questions concerned with adjusting the control setting of 

detergent disposers were: 
I 

(a) Is it necessary to change '.case settings when using 
Federal Specj fieation P-D-425 dishwashing compounds, but changing from 
one lot to an ;ther, or changing from one manufacturer's product to another 
company's pzoductf 

(b) Do minor variations in the a'iemic&l composition of 
dishwashing compounds greatly affect the conductivity of their solutions, 
so that changes in the control settings are required? 

To answer these question«, several experiments weä*s performed. In one 
experiment, the Solu-Matic Model 2k Dstergent Dispenser control 
unit was djusted to buss for 11-13 seconds (Test Procedure 3, Appendix A) 
when the -lectrodes wegt iwoersed is a 0.2 percent solution of sodium 
chloride (SaCl) at 1^9U ♦. 2 P. (65 ♦ 1 c). Solutions of four Type I 
compounds (p-B-!»2S), three T^pe II compounds (P-D-425), two P-D-^35 compounds, 
and three ccenercial disbs&sfcing cempcunds (D5, D9 and Dio) were prepared 
at a concentration to equal the conductivity of the 0.2 percent Had 
solution. The concentration of these solutions was determined by titration 
(Test Procedure IK,  Appendix A) sad is recorded in Table I. Total alkalinity 
valu*s (percent Ha^O) and pH valves of 0.3 percent solutions of theiw com- 
pounds are included in thic table. The concentraticm of solutions of Type I 
compoua-la varied froffi 0.25 to 0.&8 percent, for $ype II compounds from 0.24 
to 0.25 percent. Tna coacentr&tioa of the solutions of dishwashing compounds 

Reproduced  from 
best  available   ;opy. 
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D5, D9 and ELL (one of the F-D-435 co:ipouads) was in a lower range : 0.22, 
0.19 and 0.20 percent, respectively» Sheae three CQEpo?j2d3 contain caustic 
soda (NaOH)j the others do slot. 

In another cxperiscat, solution.? of caustic soda, alkaline salts, 
and sodium sulfate were prepared to coacaatrations so as to equal the 
conductivity of C.2 percent solution ef sodium chloride at 149 * 2°F. 
(65° ♦ 1°C.). The concentration of these solutions was determined by 
weighing the resulting solution and determining the weight of salt used to 
prepare the solutions. Theae solutions ranged in concentration from 0.0b 
percent for HaOfi to G«8l percent for regular borax (Table II), Inspection 
of these data show that there is no direct relationship betwesn the con- 
ductivity of the solution, the alkalinity of the »alt, and the pH of a 
solution of the salt. Ike two aaost alkaline materials (caustic soda and 
sodium orthoslUcate) requiring the least concentration to produce a solution 
of the required eotvluctivity yield large quantities of hydroxyl ions 
(01") by Ionisation. With the exception of the proton (3*-), the hydroxyl 
ion has the greatest conductivity of all the inorganic ions. The con- 
ductivity of water solutions of salt» and alkaline chemicals depends 
upon the degree of dissociation into ions, the conductivity of the ions 
produced., a&d the degree of hydrolysis to for» weak acids and hydroxyl 
ions- These effects are additive and the sum of these effects determines 
the conductance of the solution. 

I 
(2) Experiment Bo. 2 - Solution Concentration and Conduct Virity 

In another experiment, 0.1, 0.2 ar& 0.3 percent solutions of 
four dishwashing crespoundo, JU, 1)6, T% and D10, were preps» ea. The exact 
concentrations were determined by analysis. Conductivity measurements of 
these solutions were performed at a temperature of 24o°F. (6*0°C.) in 
accordance i*ith Test Procedure 3* Appendix A. Solutions oi' sodium chloride 
were prepare to match the conductivity (same response to control-signaling 
unit) of theae dishwashing solutions. The concentration of sodium chloride 
solutions in terms of ppm HaCl was determined as outlined in Test Procedure 2, 
Appendix A. The results are shown in Table HI and graphically expressed in 
Figure Z. When solutions concentrations are plotted against solution 
conductivities in terms of PJJK ItaCl, three straight lines are obtained; 
Commercial D9 and GSA Type II (o6) coßpeuada ore on separate lines and 
Commercial D10 and 0SA Type I (Dl) compounds are on the third line. The 
test data show that there is no direct relationship between the conductivity 
and the alkalinity of a dishwashing solutioa. 

(3) Saoieraeent So. 3 - Solution Terdperature and Conductivity 

Sue»tip«» When the concentration of a dishwaahing compound 
in a wash solution is controlled by aa automatic detargent dispenser, 
how is the concentration affected by chaagea in the temperature of the 
wash solutioa? 

A 0.2 percent solution of GSÄ7T3J3» IX (J>>) dishwashing crwpwjaa was 
prepare^-raad heatsd to a teaperature of l6ü°F. (71°C.). The control- 
signaliag unit of the detergent dispenser w&s adjusted to busx for 11-13 

■ ! ***"T$jg 
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tfABEE III 

CONDUCTIVITY OP SOLUTIOHS OF DISHWASHIHG COMPOUNDS« 

■ 

1 * 
! 

Diahvaehing 
Compound 

• D-l 

D-6 

i D-9 

; 1 
; 

D-10 

D-l 

i D-6 

i D-9 

i 

D-10 

■ 

D-l 

i 
D-6 

D-9 

D-10 

Dielwaahing Ccopound Solutions 
Concentration         Conductivity Expressed 

Percent by Weight (l)  As ptn Sodiwn Chloride (2)(3) 

0.1 980 

0.1 1020 

0.1 I35O 

0.1 890 

0.19 1700 

0.20 20*0 

0.19 2850 

0.20 1770 

0.30 2560 

0.30 3170 

0.27 3620 

0.29 25^0 

* Solution TemperatureJ 140°F. (60 C.) 

(1H Procedure 1A, Appendix A (methyl orange end point) 

(2) Procedure 3, Appendix A (conductivity control unit of detergent 
Aitpenstr) 

(3) Procedure 2, Appendix A 
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seconds when tat electrode was iooersed in this solution. Using tais 
setting and following Tost Procedure 3S Appendix A,  other solutions 
of GSA Type II (Db) dishwashing compound were prepared to give the same 
response at solution temperatures of 120°P. (ksPc,),  1*0°F. (60°C.) and 
l80öF, (82°C). These dishwashing solutions were titrated with O.S* 
H£30^, find the concentration was determined is accordance with Test Frocedu:*e 
1A, Appendix A« A similar test was performeu using dishwashing compound 
cosxierciel D£. The results listed in Table IV and graphed in Figures JI and HI 
show that as the solution temperature increases tie conductivity increases. 
Thus, as the concentration of the dishwashing compound decreases the 
control will not call for BOT« compound to be added to the wash water 
because of the increased conductivity caused by the iztcrease in solution 
temperature. The results show the importance of maintaining the dishwashing 
solution at the proper temperature for effective cleaning and subsequent 
rinsing as well as for economy. 

(*) Experiment Bo. k - Titratioat Procedures for Determining Solution 
Concentration of Dishwashing Compounds 

The automatic detergent dispenser purchased fron the General 
Services Administration contained a titratlon kit for determining the 
concentration of dishwashing solutions based on alkalinity» A 5 ml« 
aanplc of wash solution is titrated with an acid solution to a phenolph- 
thalein end-product. The directions state that each cL*op of titrating 
acid is equivalent to 0.01 pexxsent of the dishwashing compound. A 
comparison of the results obtained using SIABS Test Method Procedures 1A 
and IB and the GSA Kit Test Procedures 1C (Appendix A) is shown in Table V. 
In every case, the concentration values obtained with the GSA Kit are lower 
than the values obtained by the HIABS methods. Dishwashing compounds are 
not equal in alkalinity and a single titratlon factor*is not applicable 
to all compounds. Law or erroneous titration values ar<* obtained with the 
GSA kit when dishwashing compounds containing an oxidizing bleach are tested 
because the color of the Indicator will disappear during titratlon. The 
method used by HXAB3 required that several crystals of sodium thiosulfate 
be dissolved in the sample solution before adding the color indicator. The 
eodium thiosulfate reduces the bleach before it caa react with the color 
indicator. 

One drop of GSA ecid solut;V equals 0.01 percent dia-Jswatfciag compound. 
i 
: 
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I 

TABUS IV 

DISHWASHING COMPOUND SOLUTIONS - CHANGES HI SOLGTTON 
CONCENTRATION AND TEMPERATURE TO MAINTAIN CONSTANT COJUkVTVfTn 

Dißhvashlng Solutions - Constant Conductivity (l) 
and Changing Concentration (Percent by Weight)  (s) 

Dishwashing 
Compound Solution Temperatures - °F. ( C.) 

120°?.(U9°CB)     lU00F.(60°Cj       l60°F.(71°C.)       l80Or.(82°C.) 

D-6 0.29 0.24 0.22 0.17 

D-9 0.27 0.22 0.19 0.17 

(1) Procedure 3, Appendix A 

(2) Procedure 1A, Appendix A 
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These tests indicate that the control setting on automatic 
detergent dispensers need not be adjusted each tine when changing 
from one lot of dishwashing compound to another or fro» on» manufacturer's 
product to another company's product, providing the compound meets the 
chemical requirements of federal Specification P-D-';S5. However, 
should the dlshvashing compound contain caustic soda, and the current 
specification P-L-425 does not exclude caustic soda, It would he necessary 
to adjust the controls In order to obtain the desired concentration* 
Consideration rtarald be given to including in a revision of P-D-425 a con- 
ductivity requirement for solutions of dishwashing compounds. When 
changing from one commercial dlshvashing compound to another, it is 
necessary to main up the wash solution at the desired concentration and at 
a temperature betveen 150° and l60°F. (65° and 71°C.) and to adjust the 
detergent dispenser controls accordingly. The same can be sail about 
the use of federal Specification P-D-435 compounds on the basis of our 
limited experience with this product. 

When dlshvashing machines are equipped vith automatic detergent 
dispensers, it is necessary to maintain the wash solution within a 
temperature range of 150° to l6o°F. (65° to 71°C.) to obtain a relatively 
constant concentration of dishwashing compound. If the wash solution 
temperatures fall below this ranee, the washing solution may become too 
strong to rinse completely from the tableware and the consumption of 
dishwashing, compound will be excessive. If the wash solution temperature 
exceeds l60°F. frl°C.), the washing solution may become too weak to 
adequately clean tableware. The controls of detergent dispensers are 
activated by electrolytes such as salt (RaCl) as well as by the alkali 
and alkaline salts in dishwashing compounds* For this reason, salty 
foods should be thoroughly rinsed from tableware dui ing the pre-flushing 
operation, so that the detergent dispenser will be eJble to maintain the 
washing solution at the proper strength. 

Low concentration values were obtained with tin GSA tltrstion kit 
because the factor (l drop equals 0.01 percent detergent) do«.« not apply 
to all dishwashing compounds. When titrating some strongly alkaline 
dishwashing compounds, the factor might have to be changed to 1 drop 
equals 0.00$ percent detergent. Low values were obtained with this kit 
because of the presence of a chlorine bleach in some of the dishwashing 
compounds. Bleach decolorises the phemolphthaleln indicator and a false 
end-point is reacted before the alkali is neutralised. 

Ik 
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APPEHPH A - TEST PROCEDURES 

1. Mtthods for Determining tjjj Concentration of Dishwasbliag .Solutions 

1A - KABS MITEOD (METHH. OBAHGB IEDICATOR) 

Into a 300 sal« Erleaaeye!" flask, pour 200 ml, of idle dishwashing 
solution. Dissolve several crystals of sodium thiosulfata (K&2S2O3) in 
this solution, then add several drop« of methyl orange indicator solution» 
Titrate this solution with C.5& sulfuric acid. Record the number cf 
Milliliters of standard acid required to nt>utralize the alkali. Calculate 
the concentration of the dishwashing compound: 

Concentration, Percent by Weight ■ 2i2£ 

where: A » ml. of 0.5S EgSOj^ 

F » Factor « ml. of 0.5H HgSOij required to titrate 0.6 gram* 
dishwashing compound to »ethyl orange end-point 

* Factor (?) is determined by dissolving a 60.O graa sample of dishwashing 
compound in distilled water and diluting to 1 liter. A 10.0 ml. aliquot 
is then diluted to 200 ml, with distilled water (200 ml. contain 0=60 grams 
of dishwashing compound) and titrated with 0.5N BgSO^ to a methyl orange 
end-point. 

Factors (F) for some of the dishwashing compounds are: 

Dishwashing Compound 
BLZ23& , Manufacturer 

Wash, Chem, Sales 

TUK 

985-6899 1 
269-1277 Independ. Cham 1 
985-6906 Solventol Chem. 1 
965-6899 ladepend. Chens. 1 
Impact Economics lab. ■BMB 

269-1273 Wash. Chem. Sales II 
267-4932 Solventol Ch«sB. II 
205-1387 DEK, Inc. II 
Score Economics Lab, mm 

Kloro-Kbl DuBois Chem. ■at« 

985-6905 (1) Wash. Che». Sales »»■■> 

985-6905 (2) Wash. Chem. Sales •»«• 

(1)    B135770 P-D-435 

Factors to Use 
With Indicators 

Fhenol- methyl 
phthalein orange 

7.0 12.9 
7.9 l*.l 
7.1 13.2 
3.2 1*.3 
9.8 12.6 
9.7 16.O 
9.6 15.5 
9.8 1*.7 

11.* 17.2 
*.8 9.3 
9.5 12.1» 
8.6 1*.2 

(2) B**6770 P-D-*3* 

15 
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iS • »XABS, MBTHpP (ffigjaolphthaJela ljadicator), 

ü&j procedure is id@Rti.esl with the XA Method, except that the phenol- 
phthalein iadJeator solution is used is place of Methyl orange» fbe factor 
to use in calculation concentration of dishwashing solution is shown in the 
ROOTS table. 

1C - WMPJgH^PjfllB CSA, TXnWnPMI KIT 

The titration Mt supplied with the detergent dispenser consists of 
two dropping bottles (osw with as ©«id solution and the other with a 
nhenolphthalein indicator solution) and a glase rial with a .5 ml* graduation 
mark. 

Instructions provided with the kit are as follows: 

a. Fill rial to line with detergent solution. 

h. Add 1 drop of indicator. 

c. Titrate with acid solution until pink color disappears. 

d. Each 10 drops of the acid solution equals approximately 0.1 percent 
of detergent. 

2. METHOD FOR ANALYSIS OF SODIUM CHLORIDE SOLUTION 

Pour 100 ml. of the sodium chloride solution into a 300 ml. Erleaaeyer 
flush. Add 1 ml. of potassium ehrcraate indicator solution (a 5. percent 
solution of KgCr^O) and titrate solution with a CUT silver nitrate solution 
to a faint, out distinct color change. Calculate the concentration of 
sodium chloride; HaCl pp» as follows: 

Concentration, ppm laCl ■ 585 x SXN 

where : 3 « ml. of Ag NO^ solution 

I » normality of Ag NO3 solution 

16 
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3.    METHOD TOR PRSFARIBS SOLOTI0&3 OF DISHWASHIHG CCMP0UKD6 OF EQIÄL COHDIETIVITY 

I * The following procedure vas used to prepare solutions of dishwashing 
compound of equal electrical oc^tmetlvlty. 

Prepare a liter of dishwashing solution of known concentration. Transfer 
the solution to a wide-mouth glass Jar (l liter capacity) and place the jar 
in a hot water bath maintained at a controlled temperature. When the solution 
reaches the desired temperature, immerse the electrode (coadactlvity cell) of 
the control signaling unit into the solution and adjust the control unit so 
that the buzzer operates for a period of 11 to 13 seconds. The 11-13 second 
buzzing perloä is considered the end-point of the test. Fill a 1 liter, glass, 
wide-mouth Jar with distilled water to about one-half inch from top. Place 
the Jar In the hot water bath, heat to the desired temperature, and add to 
this water small amounts of a dishwashing compound, stirring thoroughly 
to dissolve J After each addition, Immerse the electrode in the solution and 
check the response of the signaling unit. Keep adding dishwashing compound 
to the solution until the signal buzzer operates for a period of 11 to 13 
seconds. This second solution is considered to be equal to the first solution 
in conductivity. 

17 
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